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SPECIFICATION 

Synthetic resin shaped articles 



5 aars2isr» 5 

Shaped articles of various kinds 5 wid£ ^P«-t U re p| asrna treatment. 
10 only as a general-purpose product bJi ^»so?o%Xeral ZS^J^ 1^ a T iety of fields "« 

manufactured usually with high broductn/itv and I o?^*^? . a , ppllcat,on f' because they are 1 0 
excellent properties such as irtcTSion fei, L> S ' y '° W C0StS d<,diti0r » *> 
or, in particular. hi 0 h surface r^S^ e Sti!T3' 1 0 ' l, ! |h e,ectric jnsu,ati °" 
^ severs/ difficult problems due to the Scu^SSm articles however, causes 

15 ied by the redely small dUOmSSS^S^S'^^ the surface, accomparv 
shaped articles rapidly loses its aDDearar,c« Thi 1. ^JS£2P 5Urface of synthetic resin 1 5 

bodies coming into comact ^ IHSKliSS^^ of dusts and dirt thereon. Hume* 
receive electric shocks, and spark dtochSS^e^SS^^ ° f S " Ch * - shaped article 

m the pnor art in this regard. For example a svnthfltie7££ Z?^i* m ?F* hava beer » m *<** 
sufficient amount of an <^oco^^^USS^^ i t b l shaped » compounded with a 
25 black before molding into a -t-^^.^S^SH " * "V* 8 ' P° wde ' " e-rbon 
can be decreased when provided wit * Tver? thfn Select Suctf^,*^ resin S , haped artic, « 
thereon by the techniques of sputterino. JZ^JZ^™^.™" ? f 8 '"med 



thereon by the techniques of sputterino VZtXn^.T™ fi -' m ° f 8 ™ ta < 
electricity on the surfaU can be C tacSfc T FT W» method - S *«' c 

use of a surface active agent as an^tis^ti* ° h y dro P h «'crty of the surface by the 

30 body of the article by th| £m*u^^ "*» 

coating on the surface of the shaped article A?ematTvTv EZ* 7 oW, ?»' ° r ap P ,ied b Y 30 
structure to the surface of a shaped •^h\S^SS^TS^ m °! h Y dro P ni!,c S'°«PS or 
obtained by a chemical treatment e T acid \ b TkZ T Z decrease the static electricity? as is 
of actinic rays such as electron beam!,' 5£*& ^^Sht^bSo^n- gr9f,i " 9 ^ 
35 These known methods are effeetiVa »™« - J *I1 2 wrong radiat*on. 

improving antistatic P^anc^ a " """'V - 35 

shaped article, involve extremely high costs and S 2,** ^"xXeristics Q f th „ faulk 
treatment in smell quantities 9 ' * ™ a PP ,,cab, » ° n| y *«» relatively small articles or 

40 oft ^c a STh^ iTT* *• 

cross-linked layer in at least the surface Sm S» , 5 1° by the steps of (a) forming a 40 
surface of the thus-obtained article to^em™£Sl 5 P "* 3rtl °' e; a " d <b > "P-Ino *• 
containing a gaseous silicon »rn£Jnd5 SlffiSS P ' m *" 

45 R.H b Si^ (I) 



in which R, or a combination of anv two R's i« an 

0, 1, 2 or 3 and b b 0 or (except when J " aft*" "fu^ 'T^'' * i s halo 9 en «" a'ko^y. a is 
- A te .f," ch » that a plasma-poVmeris^ surfacTfi.m y i^ , T r,denMti ° n P~ d ««Xereof, 

50 thickness of at least 5 nm In^mJS^ThJ^S^. f *' bcon cam P°«nd having a 

The resin of the shaped Se to bTleat^d by £"£255*2? , the ^ ss '''^ed layer. SO 
example, thermoplastic or thermosettino ^ ExamtL^* *" the «"»y he, for 

enes, polypropylenes, polystvre^et sLt.^t^J ° f SU,taW ! s V"»h«tic resins are polyethvl- 
P^'pbcnes%olycXn y aC p^^^^^ P 0 '^' ^« «SSl 

55 nylons, polyamidoimides, polyiinwXKL^SK K*""*?*' * e - Var,0US ^P 68 

copolymers of styrene and aerylonitriinoo^Sr. ' P^^^ls, polyvinyl chlorides, 55 

copolymers of ethylene and St, STVa^?™* 3nd h ^ d i«n«. 
orea-formaldebyd/ resins, m tamln^^atfflT^i^^?; ch,oride and Florida, 
resins, polyphenylene oxides, poly-p-wlenes ! ' P h eno -formaldehyde resins, silicone 

60 Block copolymers and graft SJ* '^^^L^m*^^ 1 * resins " 

are also suitable. p°>vmer S as well as polymer bl nds based on these polymers 80 

^ett^fns a SnV s bu°I fTvSZSFS^SF of one °: mor of ,he abo - ^« d 

conventional additives and proceSq .Mb ■ iS.^ 1 impounded with various kinds of 
65 .ubricant, fil ,ers. •^%^%tSa^^ 65 
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5 ally used in the fabrication of! "ynSoSSS oflfT to ? niques wnvntion- 
Lm.tat.ve provided uniform exposure of the wXSTte tZ he Shaped artic,e is als ° 5 

obtained, It is also optional th« the rtaJS tr^j^J^ 1 ^^" P 1 -^' ™V be 
according to need, such as heat treatment stretcWnVnr rf^f 3 ? es T ed PwtWtnwnt 
Wasting, corona discharge. soivent £2m«J oSj ^J^" cr,m P in 9. blinking, sand- 
10 effective of the inventive method Tfs not Iffected '° n ' Sin9 r ***™- whe"eby the 

applicable to this object, including ^71^1^^ Various fcnown ™nods are 
beams, ionizing radiation, •.a?Sf^^ t^^^T *?* " u,fravte[ * "9*. electron 1 
1 5 by glow discharge or corona di^l^KS ?**™ 9«"^ted 

advance with a phctosensitizer, crosslinWnq reaction hX^J M* ped art,de ,m P re 8nated in 1 5 
crossHnking agent contained in the reLn romroE, n^^V* 1 * ? 0,ymer mo, e«*le S end a 
to m o.ding or by dipping of the shaped mlch Sefn ™iS^ a * C -' e by ™°nx>rating prior 
molecules of the polymeric resin per se havinaT ^.S k ' n9 reactlon be ^een the 
20 crosslinkable functional group, bonded to X bLkbSl ^ * or being provided whh 

tying. It i. pra f erable f hat I su ^tlVy^f « S« . JS?" 'SfT'' ™ d *>y 20 

25 compound, or a hydrolysis-condensation product Xeof fnTsf ^'"'iL 0 the specified si,icon 

monovalent hydrocarbon group exemolined bv il * 9 ?' V * rt fe ™u'a. R may be a 25 

alkenyl such as vinyl or alhyl, 8 | such > a • eWl n™" T^' ^ P"W' " 
or naphthv., and such groups sKuw?b y S examoteTlL 0 .?^ 1 ' aryl such «• P h Wl 
halogen such as chlorine (preferred), bromine ,2 SET or a ?£?f at r S ° rCy8np ^P 3 " X is 

-"pWt^ « methy.dich.oro.Hane; 30 



35 



Mr'* * *« ^er^^ dimethyl 

trtmethy methoxysilane, trimethylethoxysilane vlnvwT^^f, X * 7 *™*ny«chl°r°silane, 
silane vinyldimethylethoxysilanl, ethyS^ 

methylphen y lmethoxy S ilan e ,2.chloroethyl^^ 

thoxyalane; examples of those represented bTZ formuii r d ^o^hyldimethylme- 
thoxychlorosilane, dimethyldiehlorosilane dimJ*!n^ R ^ lX * are ""sthylchloromethvlme- 
t m ^' d ; eth <>^»^. ^Y'™^ d'ethy.JimethoxysJn^i- 
thyldichlorosilane, tfnyfmethyldiethoxvsilane 1^ T m etn V ,d ' me th°xysilane. 2-chloroethyime- ao 

formula RS0( 3 are methyltrimethoxy 8 iI anB ZSSrtbS*^?^" ? f ^° 89 r *P«*«nted by the 
thoxysilane, vinyltristhoxysjlana Dhen^triJI^- -. 0xyS,farie ' Wtnchloroeifane vinvftri™- 
45 Wrto-^™ a^SrJro^ 

the formula SiX* are silicon tetrachloridrorrhnm2^j nd Bx f m P fes «»» those represented b v as 
exampfas. X is always dhhri^S^lS^S^^ ''"^ and ert h°<*hyl s ili cate P , n Xse X 5 
todme may also be suitable. corresponding compounds in which X is bromine or 

50 R « 'Sf Site^^^ the group or groups denoted by 

luh^T^^l 5 havi "8 one °^onovXnrhvd?I^h^ C8rb0n 9r0U **' ^ganosl 

substrtuted w rt h a reactive or Wionel g^7irTlX^° u QrWpS ° r * tk »*Y 9™P* 
the example of sgch organosilane compounds k^own o i?^," 1 ^ melhod - S * veral °* 
couphng agent in the resin and rubber pVocessinr^ . ?* 8 so -»«e«t *i«me 

St a 3 ?'* 8 "** VPropyltri^ethoxysHant^ 3^^?^ JT- ^^?™»*<«y«h««yN- 
thyi)-3-aminopropyltrimethoxysilane. fN-(2-am.noet^^ \ Z Y f r ? pv,tr,me *"oxysil a ne. N^2. a minoe- 

^h^lnSJS^^i.^^ nstituentofth p,asma 

50 class of organic or inorganic sifane compound b^ ll u ( f ^ amed onB8 ^W- belong to the 

hereof obtained by the partial or comffi ► hS t£ % JL* ^rolysis-condensation prodSt $ 0 

parba or complete condensation reaction beiwean th« Ji.t ° ? com P°«nd followed fay . 60 



60 



55 

3- 



65 
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condensates may be used provided that the vapor pressure of the siloxane compound is 
sufficiently high to sustain the plasma discharge in the atmosphere, which can take place only in 
an atmosphere of a pressure in a limited range as mentioned below* 

The procedure for the low temperature plasma treatment of a shaped article per se is well 

5 known in The art- That is, the synthetic resin shaped article, after completion of the step (a) 6 
treatment of crosslintdng, is brought into a plasma chamber provided with electrodes connected 
to an electric power source such as a high frequency generator and, after evacuation of the 
plasma chamber, the chamber is filled with a vapor or gas of the silicon compound to give a 
pressure of 0,001 to 10 Torr, followed by the supply of electric power to the electrodes to 

1 0 generate low temperature plasma in the plasma chamber, whereby the surface of the shaped 1 0 
article is exposed to the low temperature plasma white the gas of the silicon compound is 
continuously passed therethrough to control and maintain the pressure. 

It is Optional according to need that the gas or vapor of the silicon compound is diluted with 
other kinds of inorganic or organic gases including inert gases, e.g. helium and argon, nitrogen, 

1 5 oxygen, air, hydrogen, carbon monoxide and carbon dioxide, as well as organic gases other than 1 5 
silicon-containing compounds. 

As is mentioned above, the pressure inside the plasma chamber should preferably be kept in 
the range from 0.001 to 10 Torr. This is because the desired tow temperature plasma cannot be 
generated with stability in the plasma chamber and hence no satisfactorily effective plasma 

20 treatment can be obtained when the pressure inside the chamber is outside this range. More 20 
preferably, the pressure should be in the range from 0-05 to 1 Torr. It has been rather 
unexpected from the information obtained, in the prior art plasma treatment or plasma 
polymerization that even when the low temperature plasma treatment has been undertaken 
prolongedly. the effect of the treatment rapidly decreases and the surface resistivity of the 

25 synthetic resin article after plasma treatment increases as the pressure in the plasma atmosphere 25 
increses over 1 0 Torr. 

The conditions for the generation of low temperature plasma in the plasma chamber are wetl 
known in the art so that no detailed explanation is necessary here, [n short, low temperature 
plasma can be generated in the plasma chamber when electric power of several watts, 

30 preferably, at a high frequency range of several kHz to several hundreds of MHz is supplied to 30 
the electrodes positioned inside or outside the plasma chamber in which the pressure is kept, as 
mentioned above, The type of the plasma discharge may be either glow discharge or corona 
discharge, by which sufficient improvement can be obtained in the surface properties of the 
thus-treated shaped article. The time for the low temperature plasma treatment may widely differ 

35 depending on various factors including the type of the synthetic resin, the power for the plasma 35 
generation, and the thickness of the plasma-potymerized film formed on the surface of the 
shaped article. 

It is essential that the plasma-polymerized film of the silicon compound formed on the surface 
of the shaped article in the above described manner should have a thickness of at least 5 nm. 

40 When the thickness is smaller than 5 nm, the antistatic performance of the thus plasma-treated 40 
shaped article is unsatisfactory. The upper limit of the thickness is, on the other hand, not 
critical, provided that the characteristics of the shaped article in bulk are not adversely affected 
by the prolonged plasma treatment. In this connection, the low temperature plasma treatment of 
a duration in which the thickness of the plasma-polymerized surface film has a thickness of 

45 1000 nm or smaller can be performed safely without the above-mentioned adverse effects* At 45 
any rate, an excessively thick plasma-polymerized surface film should be avoided in order to 
have good productivity of the process, since the effectiveness of the inventive method does not 
increase much by increase of the film thickness over an adequate range. 

It should be mentioned that, in the low temperature plasma treatment in en atmosphere 

50 containing a silicon compound, two kinds or more of the silicon compounds may be used in 50 
combination, whereby certain synergistic effects can be achieved in some cases. It may be also 
advantageous, in order to impart the shaped article with other desirable improved surface 
properties other than the antistatic performance, to admix the 3il»con compound with one or 
more other types of organic compounds and/or the above-montioned inorganic gases whereby, 

55 in addition to the very durable antistatic performance with decreased surface resistivity, the 55 
shaped article may be imparted with improved wettability, susceptibility to adhesive bonding, 
printability, anti-wearing resistance, mold-releasabilrty, heat*resi stance, water-resistance, and 
resistance against migration of ingredients contained therein. 
When the plasma-polymerized surface film is formed in accordance with the above d scribed 

60 procedure of th inventive method on the surface of the crosslinked layer of the synthetic resin 60 
shaped article, the thickness of the plasma-polymerized surface film is usually in the range from 
5 to 1000 nm, so that the appearance of the shaped rticle remains unchang d. Despite the 
seemingly unchang d appears nvte of the shaped article, the formation of the crosslinked layer 
and the plasma-p lymerized surface layer can be confirmed by the following methods; for 

65 example, the crosslinked layer in the surface portion of the shaped article can be observ d by 66 
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testing the gelted fraction insoluble in an organic solvent bv e*aniir.atir,« .k» „k - ^ 
resistance and mechanical properties such a! tensile Z«^Z££tZ ml25^"J^ 
changes tn the molecular weight of the resin by gel permeation chrornatnoX^ ' 0f the 

ment of the melt viscosity of the resin after treatment and £ exempt 1™AZ me = su ™- 
5 crystallintty of the resin by the techniques of X-ray diffra«ometr^ Tw^lft^I*"? ,n the 

The formation of the piesma.po.ymerSed -ri?!^ 5 
X-ray photoelectron spectrometry {£SCA) and reflective infrared sn«^™h,S!L. confirmed by 
that the surface film contains silicon atoms and tHS^^r^^^fa^^^. ,nd,cat '"9 
treated shaped article is dyed with osmic acid and th£ t 7^^^' ttX ^ , • 

1 0 examined by a transmission-type electron microscool th- ^ thus-dyed art.cle is 

dyeeble with osmic acid whereas the ,35 ^'SSSr"^ ^ * 10 
The followmg Expenments illustrate the invention and also comparative procedures. 

Experiment 1. 

20 sheet A hereinbebw. "iicxness or U.5 mm. which is referred to as 

Separately, another polyvinyl resin sheet having a thickness of 0 5 u ^ 20 

re*n composition composed of 100 parts by weight of th2 ^ml n^Zi Xt P ~P areri of a 

chamber at 0-3 Torr under continuous flow of the ^ni ine tape a „d ^'JJT'k . ,Wide th ° 
electric power of 200 watts at a frequency of 1 3 56 PlXL to ^e ifijW* 1 fJ*'^ fre « uene V 
chamber The thus plasma-treated reU she* ^^^^^^ pla *™ 
30 A portion of each of the above prepared sheets A JnW R - j ^ here.n-below. 

tetrahydrofuran to determine the JeSo n in ■ 30 
crosslmked layer was confirmed solvent, from which formation of 

35 frequency electric power of 1 kilowatt at 13 S6mh L Vk2 if ~ y j SU . PP y of 8 h, 3 n 

which was firs, evacuated I * a vSl of 10- Ton ^followed bf* 65 ? !T 6 P ' aSma Chamb *' 35 
atmospheric air to keep the pressure of the Indd. o7£I ^, JZ f introduction of the 
flow of the air and then continued introduction otv^t^L^H J or h r , w ' th .^^inuous 
admi«d with the flowing air so as to k^^hl ^l^ ^! ^'oromethyldichloros.lane to be 

40 chamber at 0. 1 Torr and 1 2 T«™ i P j • Pf""" 68 of tha air and tha in the 



ref£t£^ fTna^e^ spectrometry and 

45 about 45™ thickness o? each of VXZX tf£ KKoTC?"? ^ * 

atoms and the Siftcon-to-carbon linkages, presence of the silicon 

The antistatic performance of each of ihe above sheets ABA* ftn w n* 
measurements of the distance of cioarette *«,h " d B w * s eva! ^ed by the 

voftage induced by n»bSnJ?i the SrSutS £2£' h^/**^* 7 * nd Prostatic 
50 measurement were as teffl bZ **cnbsd hereunder. The results of the 



45 



50 



55 



60 





Distance of 
cigarette 
ash attrac- 
tion cm 


Surface 

resistivity. 

ohm 


Charge volt- 
age by rub- 
bing, volts 


Sheet A' 
Sheet A 
Sheet B* 
Sheet 6 


3 
6 
0 
6 


1 X 10" : 
7 X 10 4 
3X 10* 
7 X 1Q f * 


1600 
7600 
200 
7600 



55 



60 



Distanc of cigarette ash attraction: the resin sheet wa* «.fcK w * a . 
*5 doth to b char 9 d with static *ectric*y k+jR££gl£ J? KX^SEKL* 65 
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was brought toward a pile of cigarette ash in an atmosphere at 25*C and with 60% relative 
humidity and the distance between the ash and the sheet at which the ash was first attracted to 
the sheet was recorded. 

Surface resistivity: measurement was performed in an atmosphere of 60% relative humidity 
5 by use of an instrument Model SM-10E manufactured by Toa Denpa Kogyo Co. 

Charge voltage by rubbing: measurement was performed by use of a rotary static tester 
manufactured by Koa Shokai Co. using a cotton cloth for rubbing the resin sheet under a load of 
200 g at 750 r,p,m. for 60 seconds. 



10 Experiment 2. 10 
A resin sheet of 0-3 mm thickness was prepared from a resin composition composed of 100 
parts by weight of a vinyl chloride resin and 50 parts by weight of dioctyl phthatate. This resin 
sheet was irradiated with ultraviolet light for 2 minutes in an atmosphere of reduced pressure of 
air at 1 0 Torr under a tow-pressure mercury (amp of 300 watts output emitting line spectra at 

15 185 nm, 254 nm r 31 3 nm and 385 nm held 5 cm apart above the sheet. The thus ultraviolet- 1 5 
irradiated resin sheet is referred to as sheet C hereinbelow. 

Sheet C was placed in a plasma chamber and subjected to a low temperature plasma- 
polymerization treatment for 30 seconds by the supply of a high frequency electric power of 2 
kilowatts at 13,56 MHz to the electrodes of the plasma chamber, which was first evacuated to a 

20 vacuum of 10~ 3 Torr foHowed by the introduction of the atmospheric air to keep the pressure of 20 
the \ns\de of the chamber at 0.05 Torr with continuous flow of the afr and then continuous 
introduction of vapor of orthomethyl silicate to be admixed with the air so as to keep the partial 
pressures of the air and the silicon compound in the chamber at 0-05 Torr and 0,6 Torr, 
respectively, during the plasma discharge. The resin sheet thus subjected to the plasma- 

25 polymerization treatment is referred to as sheet C* hereinbelow. 25 
This sheet C* was dyed with osmic acid end a section thereof was examined with a 
transmission-type electron microscope to find the presence of an undyed crosslinked layer of 
about 100 nm thickness in the surface portion of the sheet overlaid with a dyed layer of about 
85 nm thickness which was a plasma-polymerized eurfaoe film of the silicon compound. 

30 Each of the sheets C and C* was subjected to the test for the antistatic performance in the 30 
same manner as in Experiment 1 above to give the results shown below. 



Distance of 

35 cigarette Surface Charge volt- 35 

ash attrec- resistivity, age by rub- 

tion, cm ohm bing, volts 



Sheet C - O 6X10* 350 

40 Sheet C 5 4x10" 4200 



40 



Experiment 3. 

A low-density polyethylene film of 0.3 mm thickness obtained on the market which is 

45 referred to as film D hereinbelow, was irradiated with electron beams of 2 MeV energy in an 45 
evacuated atmosphere to effect crosalmking between the polyethylene molecules at the surface 
portion^ The thus surface-crosslinked resin film is referred to as film E hereinbelow. 

On the other hand, another portion of the same polyethylene film was placed in a plasma 
chamber and subjected to the exposure to low temperature plasma produced in the chamber to 

50 effect crosslinking at the surface portion by the supply of a high frequency etectric power of 1 00 50 
watts at 1 3.56 MHz for 3 minutes to the electrodes of the plasma chamber, which was first 
evacuated to a vacuum of 10 " 4 Torr followed by the continuous introduction of helium so as to 
keep the pressure inside of the chamber at 0.5 Torr during the plasma discharge. The thus 
plasma-treated polyethylene film is referred to as film F hereinbelow. Each of tha films E and F 

55 was dissolved in hot xylene, causing precipitation of an insoluble gelled fraction, indicating the 55 
crosslinking of the resin motecules. 

Films 6 and F were placed in a plasma chamber and subject d to a low t mperature plasm- 
polymerization treatment by the supply of a high frequency electric power of 1 0 kilowatts at 
1 10 kHz for 20 seconds to the electrodes of the plasma chamber, which was first evacuated to 

60 a vacuum of 10' 5 Torr followed by the continuous introduction of vapor of dtvinyltetramethyidi- 60 
siloxane so as the keep the pressure inside the chamber controlled at 0.5 Torr during the plasma 
discharge. The resin films thus subjected to the plasma-polymerization treatment are r ferred to 
as films E* and F* , respectively. The thickness of the plasma-polymerized surface films on the 
films E* and F* was about 15 nm as examined in the same manner as in Experiment 2- 

65 Each of the films D, E, F, E" and F* was subjected to the test for the antistatic performance in 65 
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the same manner" as in Experiment 1 to give the results shown below. 
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6 
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8600 



15 

Experiment 4. 

A resin film of 0.5 mm thickness, of a 85; 1 5 by weight copolymer of vinylidene chloride and 
vinyl chloride obtained on the. market which is referred to as film G hereinbelow, was placed in 
a plasma chamber and subjected to exposure to low temperature plasma for 5 minutes to effect 

20 crosslinking of the surface portion by the supply of a high frequency electric power of 500 watts 
at 110 kHz to the electrodes of the plasma chamber, which was first evacuated to a vacuum of 
10~ 3 Torr followed by the continuous introduction of nitrogen and argon so as to keep the 
partial pressures of nitrogen and argon at 0.2 Torr and 0.1 Torr, respectively, in the chamber 
during the plasma discharge. The thus plasma-crosslinked resin film Is referred to as film H 

25 hereinbelow. 

The film H was dyed with osmic acid and a section thereof was examined by use of 3 
transmission-type electron microscope to find the presence of an undyed surface layer of about 
200 nm thickness in the surface portion of the dyed resin film, indicating crosslink formation in 
the surface portion. 

30 The film H in the plasma chamber was then subjected to the plasma-polymerization treatment 
for 5 minutes by the suppty of a high frequency electric power of 200 watts at 13.56 MHz to 
the electrodes of the plasma chamber, which was first evacuated to a vacuum of 10" 3 Torr 
followed by the continuous introduction of vapor of vinyldimathytmethoxysilane so as to keep 
the pressure inside the chamber at 0,05 Torr during the plasma discharge- The resin film thus 

35 subjected to the plasma-polymarr*ation treatment is referred to as film hT hereinbelow. This film 
H* was examined with a transmission-type electron microscope after dyeing with osmic ecid in 
the same manner as abovs to find the presence of a dyad surface film of about 200 nm 
thickness formed on the above mentioned undyed crosslinked layer. 

Each of the films G, H and H* was subjected to the test for the antistatic performance in the 

40 same manner as in Experiment 1 to give the results shown below. 
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Experiment 5. 

A commercially-available stretched resin film of polyethylene terephthalate having a thickness 
55 of about 0*3 mm, which is referred to as film 1 hereinbelow, was irradiated with gammanrays 55 
from Co-60 in a radiation dose of about 10 Mrad to effect crosslinking of the resin. This 
irradiated resin film was dissolved in a solvent mixture of phenol and tetrachloroethylene, 
causing precipitation of a consid rable amount of insoluble gelled fraction, indicating the 
formation of crosslinks. The thus-crossHnk d polyethylene terephthalate film is referred to as film 
60 J hereinbelow. 60 
This film J was placed en a plasma chamber and subj ct d to the treatment of plasma- 
polymerization for 2 minutes by the supply of a high frequency electric power of 500 watts at 
13 56 MHz to the electrod s of the pfasma chamber, which was first evacuated to a vacuum of 
1 Q~* Torr followed by the continuous introduction of vapor of trimethylm thoxysilane so as to 
65 keep the orassure of inside of the chamber at 0.6 Torr durino the olasma discharge. The resin 65 



FRdr*T : • ASH PATENT SERUICES, INC 



PHONE NO. : 703 414 0033 



Mar. 29 2002 08:24PM PS 



QB211 1 064A 



film thus subjected to the treatment of plasma polymerisation is referred to as film J* 
he rein below. 

The formation of a plasma-polymerized surface film on this film J* was confirmed by the X-ray 
photoelectron spectrometry and the reflective infrared spectrophotometry showing the presence 
of silicon atoms and silicon-to-carbon linkages in the surface film which had a thickness of about 
20 nm. 

Each of the films I, J and J* was subjected to the test for the antistatic performance in the 
same manner as in Experiment 1 to give the results shown below. 



10 



15 



20 



25 



30 



35 



40 





Distance of 








cigarette 


Surface 


Charge volt- 




ash attrac- 


resistivity, 


age by rub- 




tion, cm 


ohm 


bing, vote 


Film J* 


1 


7 X 10 B 


450 


Film J 


5 


2x 10" 


6000 


Film 1 


6 


1 X 10" 


6500 



10 



15 



20 

CLAIMS 

1. A method for treating a shaped article of a synthetic resin, which comprises the steps of 
(a) forming a cross-linked layer in at least the surface stratum of the shaped article; and (b) 
exposing the surface of the thus-obtained shaped article to low temperature plasma generated in 

an atmosphere containing a gaseous silicon compound of the formula 25 

in which R, or a combination of any two fVs, is an organic radical, X is halogen or alkoxy, a is 

0, 1, 2 or 3 and b is 0 or (except when a is 3) 1, or a hydrolysis-condensation product thereof, 30 

to form a plasma-polymerised surface film, at least 5nm thick, of the silicon compound. 

2. A method as claimed in claim 1, wherein the crosslinked layer is at least 2 nm thick. 

3. A method as claimed in claim 1 or claim 2 r wherein R is alky!, alkenyl, alkynyt or aryl. 

4. A method as claimed in any preceding claim, wherein X is chlorine. 

5. A method as claimed in any of claims 1 to 3, wherein X is methoxy, ethoxy or butoxy, 35 

6. A method as claimed in any preceding claim, wherein the silicon compound is in the form 
of a hydrolysis-condensation product selected from divinyitetramethyldisifoxane, di(chlorome- 
thyl)tetramethyldisiloxane, diethynyftetramethyldisiloxane and 1,1 .3,3-tetrarnethyldisiloxane. 

7. A method as claimed in claim 1 , substantially as herein described with reference to the 
production of films B\ C*, E\ P, HP and J\ 40 
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